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(19. cont.) ethanol coadministration. At a 1:1 molar ratio, this effect is
too inconsistent to depend upon for our repeated dose studies. Consequently,
we are exploring the use of a 2:1 molar ratic at non-saturating doses of TCE
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G EXperimentss COHdUbted to evaluate the hepatoxic effects of repeated
administrations of TCE metabolites have-revealed that DCA produces a
cytomegally that is seen uniformly throughout the liver of the mouse. This
effect is characterized by massive accumulations of glycogen. It does not
produce this effect in rats given even higher doses, nor is the effect
duplicated completely by TCA. In addition. mice treated with DCA are
displaying focal areas of change that appear preneoplastic after only 24
weeks of treatment with DCA. These results suggest that DCA may play a more
important role in the hepatotoxic and hepatocarcinogenic effects of TCE than
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INTRODUCTION

Trachloroethylene (TCE) 1s a industrial solvent that is
used widely for degreasing of metallic surfaces. This use
hee made TCE a common chemical of occupational exposure
within “he Air Force and e frequent contaminant of ground
wateras 1n the vicinity of Air Force Bases. Regulation of
TCE by civilian agencies (e.g. USEPA) hes focused on its
carcinogenic properties, although it produces a variety of
other toxicological effects, most notadbiy hepatotoxicity.

controveraial primarily becauase of 1t only appears to

: produce tumors in mice (NCI, 1976; NTP, 1983: NTP, 1985;
- Henschler et al, 1980; Fukuda et al., 1983) despite having
been tested i1n seven species of rat. TCE i1s weakly
mutagenic at bes* (Bull, 1985). As a result there has been
considerable debate concerning potential mechanisms by whach
TCE produces tusora. A nusber of hypotheses have been
developed around the observation that TCE i1s metabolized
less extensively 1n the rat than the mouse and the fact
that metabolic conversion of TCE 1s saturated at lower doses
an the rat than the mouse (Prout et al., 19385). !
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1t has been recently shown that traichlorocethylene 1s
capable of inducaing proliferation of peroxisomes in the
liver of mice, but 1t i1s less effectaive in inducaing thais
effect 1n rats (Elcombe, 198S). This property of TCE 1is
shared by trichloroacetic acid (TCA), & major metabolitle of
TCE (Green and Prout, 19S85: Prout et al., 1985). TCA hasa
beer. reporteac as capable of i1nducing peroxigomes 1n both
pice anc rats (Elcormbe, 19£%)., Since peroxisome
prc.iferation has been aes0Cl&t€0 with & variety of other .
corzour.as the: are hepatocarcinogenic 1in ‘rodente, but which
€lthe .8CKEC Or POSEEESEC VEry RiNikmal Qgenctoxic activaty
(Reccy et al., 1983), attention hae recertly focussea on
thie ac a potential expianation for the species specific
nature of TCE's carcinogenic effects.

There are a number of steps that are comrmon to the
metabolisn of ethanol and TCE. This led us to propose that
interaciions between the toxicological effectes of ethanol
might provide useful insights into the mechaniams invclived
in the hepatotoxic and hepatocarcinogenic effecte of TCE.
While the queation of theé i1nteractions i1n the toxicology of |
ethanol and TCE are atill of interesat, aome of our recent
work has cast doubt on the current hypotheses that attempt
to attrabute the hepatotoxic and hepatocarcinogenic effects
ainaply to trachloroscetic acid. This report includes data
supplied in the following forma:

1. A paper, "Induction of DNA-strand breaks by \
trachloroethylene i1n rat and mouse liver in vivo.*

2
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recently submitted to Tbxxcology and Applied
Toxicology.

2. A progress report on the work descriding the effect
of dose on the metaboliam of TCE and the modifications
induced in TCE metabolisa by ethanol in the rat.

3. A report on work directced at identifying
preneoplastic leaions in the mouse liver. This will
include some preliminary dats which suggesats that
dichloroacetic acid ia 8 potent hepastoxin and
hepatocarcainogen in naice.

RESULTS

Induction of single-strand breaks in hepatic DNA. Most
of the data concerning the ability of TCE or its metabolites
to produce aingle strand breaks (SSB) in vivo are included
in the accompanying manuscraipt. Therefore, the data will
only be summarized and discusased aa they pertain to the
further development of the prolect. It is important to note
that measurement of SSB in these experimentsa was done 4
hours after the administration of TCE or its metabolates.
Thais becomes important in interpretation of our results to
date.

TCE was found to ainduce SSE in hepatic ILNA of rats at
high doses (e.g. 1n the range of 20-30 mmol or 3-4 g/kg body
weight). 1In mice, the dose required wae stili high, but
considerably lower than required in rats (e.g. & mmol or
0.75 g/kg).

As reportec previously, pretreatrment of rate with .
pherocvarbital or low doses of TCE (below those requirec tc
ainauce SSB), decreasec the subsequent (24 h after the last
pretreatment) challenge doses of TCE required to induce SSkb.
Ethanol pretreatments did aincresse the rate of DNA
unwvinding, but not significantly. There data suggest that
TCE requires metabolism through a nhernobarbital and TCE-
inducible pathway to produce SSE. Ethanol-sensitive
pathways eppear to be less involved, although a complex
interaction between bicactivation and detoxification steps
(e.g. phase 1 and Il aystewre) cannot be ruled out at thae
tine.

We have subsequently examined the ability of atable
metabolites of TCE to induce SSB in hepatic DNA under
sinilar circumstances. In the rat, dichloroacetic acad,
trachloroacetic acid and trichloroscetaldehyde (chloral)
vere all capeable of inducing SSB. Trichlorocethanol waa
ansctaive. In mice, the sare three compounds produced SSB.
To compare the responses betveen the two species we provide
sn eatimate (obtained graphically’: of the dose of each
metabolite that was required to increase the fraction of DNA
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unwound i1n 2 hours to 0.4. The cowmpsrison of different
metabolites on this basis is provided in Table 1. 1In
general, moat metabolites of TCE were somewvhat more potent
in B6C3F1 mice than in Sprague-Dawvley vats. The moat
atriking difference ia the much higher potency activity of
traichloroacetic acid in mice relative to ratas.
Approximately 1/20th of the dose ia required to produce
squivalent amounts of DNA damage in mice relstive to rats.

>
B o I RT3 Bl D

Studies of TCE metaboliax and itas modification by
coadniniatration of ethanol have progressed very rapidly ain
the past few months. We have examined the influence of
using doses which apparently saturate the capability for
metabolaizing TCE vs. non-saturating doses. These data
suggeat that we need to evaluate an additional lower dose of
TCE and to examine the influence of a larger dose of ethanol
to TCE ratio in the doasing. Conaequently, the data and the

concliusions drawn from at this report should be considered
preliminary.

Figures 1 through S display the differences in the time
of appearance and disappearance of TCE and its three major
mnetabolites when TCE i1is administered at saturating (22.8
mmol or 3.0 g/kg) or non-saturating (4.6 amol or 0.6 g/kg)
doaes to the rat. In Figure 1 it ia appearent that the peak
levels of TCE in blood are not simply dependent upon dose
since the concentrations in blood at the high doae were less
than two-fold those observed at the low dose, desapite the
fact thet the dose increased by five-fold. On the other
hanc, the concentration vs,., time curve 1i1ndicates that the
area unaer the curve (AUC) 1is roughly proportional to the
acee of TCE, ancresegeing by a factor of €£.3 (Table 2».

Tre peak concentraticone of the metsbolites of TCE :r
vloovec were delayecd and therr persaistance in the blood
(Figurer 2 to 5) appearea to depend largely upon the
proionged period of time that TCE wae ayztemically
available. In most case= the terminal elimination curves
dia not differ significantly at the two dosea of TCE,
suggesting that excretion of the metabolites was not rate
liratang.

As might be surrized fror the above data, the AUC for
the metaboliter of TCE were increassed by the higher dose of
TCE. However, this increase waa not in direct proportion to _ )
the dose nor the AUC observed for TCE. 1In Table 2 i1t can be ‘
seen thet increasing the dose of TCE from 0.6 to 3.0 g/kg '
increased the AUC of trichioroacetaldehyde and
trichloroacetic acid by a8 factor of 2.3 and trichlorocethanol
by 3.0. The AUC of daichloroacetic acid was increased to the
arallesat extent, by a factor of 1.9 with the five-fold
increase in doae.
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In Table 3 the effect of the two doses of TCE on the
amount of each metabolite that appears in the urine provides
further perspective. Aaide froa the poasibility of further
mnetabolism, urinary excretion is probably the only
significant route of excretion for the three netabolites,
trichlorocethanol (free alcohol and alucuronide velues are
combined in the table), dichloroacetic acid and
trachloroacetic acid. The total elimination of
trachloroethancl, including its glucuronide (deterained by
hydrolysias with beta-glucuronidase) was increased by s
factor of only 1.4 with the five-fold increase in the dose
of TCE. Converaely, the total urinary excretion of
trichloroacetic acid waa aincreased by a factor of 9.3, to
the poaint that it 1s accounting for 3x of the total dose of
TCE cowpared to 1.6%X at the low dose. Dichloroacetic acid
eliminaation was aincreased by a factor of only 3.1. Desrite
the varying effects on individual mpetabolitesa, 1t is clear
that the proportion of trichloroethylene that i1a metabolized
to products that are excreted in the urine is substantially
reduced at the higher doae as well. Only 8.3x of the dose
could be accounted for in these three coapounds at the high
dose, whereas 19.9%x was found at the low dose.

The effecta of ethanol coudministration on TCE
netabolism has led to equavocal results. Consequently, we
have not included an the report. In suamary, we have found
that concentrations of traichlorocacstic acid in blood sre
decreased with ethanol cosdrinistration, but these
differences are not statistically significant. At the low
dose of TCE, but not at the high dose trichloroethanol
levels alec appear to be increased. Agair, the data are too
iricone:.gtent to eallow farr conclusions one way or the cother.
A gzir..ar trenc 1£ observea when these retabolates are
nRessuUreés 1r urire. The magnituce of the differences are toc
iarge tc be sataiesried that there 1e noc effect. Therefore,
we intend to pursue thig 1asu& until veiues converge o
statiet1casily gignificant results are ociarned. One fa-tor
nay be that we have only usec a 1:1 »cler retio of ethanol.
We i1ntend to increase thies ratio to 2 1n our next
experimpental ser:es to see 1{f{ a more consistent effect can
be procuced.
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Since the hypotheses we were pursuing is that
trichioroacetic acaid wae involved in the hepatocarcinogenic
anc hepatotoxic effects of trichloroethylene, we begen aome
long term studies to establish whether histological changes
could be produced an the liver waith traichlorocaceti: acad.
Dichloroacetic acid has also been investigated because i1t ais
8 minor metabolite of trichloroethylene and ia closely
related to traichloroacetic acid. It is important to realize
that 1t is produced by s psthway which 1s relatively
andependent of the pathway that gives rise to
trachloroscetic acid. This pathway does not involve an
a.dehyde intermediate and ashould thus be less susceptidble to
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modification by ethannl. Neonatal rats were initiated with
diethylnitrosamine. When they were weaned (21 deays of age)
they were placed on drinking water containing 5 g/L
dichloroacetic or trichloroacetic acida. Other animals
received 500 mg/lL phenobarbital aa a positive control and a
fourth group received distilled water as drinking water.
Control groupa that received no diethylnitrossmine were also
included. Compounds that are peroxisome proliferators do
not produce foci with the same phenotypes as is observed
with phenobarbital promoted foci. Consequently, these
experiments are meant primarily to provide tissue that
contain enzyme altered foci with dichloroacetic and
trichloroacetic acid so that their sataining characteraisticsa
could be confairmed, 80 8 minimal number of animals were
involved. No sacrifices of these animals have yet been
conducted.

A similar, but more complete study was begun in mice
(40 animala per group?, except the animala received no praior
initiation with diethylnitrosamine. Thie latter approach
was taken because of & preliminary report which indicated
dichloroacetic and trichloroacetic acids were capable of
producaing hepatic tumors in BE6C3F1 mice (Herren-Freund et
al., 1987). Our intention 1a to asacrifice S animais with
each treatment at approximately 15, 24, 38, 52 week
intervale and to leave the remaining asnimsls for overt tumor
developrent. The data referred to here are taken from the
first two sacrafice periods. Consideraing the result: that
were obtained at these timeé points we have begun ani als on
twe lower doses sc that dose-response relatiocnships can be
definec. The groupg an the mousge study 1nclude the
fcllowirng:

¢ e r——————
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Cortrol - cd:stilleoc water

Dichloroscetaic acid - 1 @/L of drinking water

2 (1]
Tricr.loroacetic acaid - 1 *

2 " f
Phenobarbaital - 0.5 "

Upon sacrifice, the most rerarkable finding with
dichloroacetic acad 12 the marked liver enlargement. At the
aingle dose (2 g/L) for which data 18 curiently availadle,
liver weight as & percentage of the body weight 18 almos:
doublec t(Teble 4). A smaller i1ncrease 18 seen with 2 g/iL
trachloroacetic acid, but its effects ere comparable to that
obaerved with 0.5 g’L phenobarbital. The effects of both
compounde is observed after both 15 and 24 months on atudy.
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Histologically, livera from dichloroacetic acid show
marked changes. The moat prominent and consistent finding
was the marked enlargenent of liver persnchyssl cella. This
hypertrophy wae aseociated with & merkecd accumulation of
glycogen as observed with a periodic aci3/ i
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Schiff atain (Huwason, 1567) which will be diacussed later.

At the 15 week sacrifice we noted s number of areaa of
focal staining for glucose-6-phosphate dehydrogenase (G6PDH)
under oxygen. Alerted by the frequent association of thias
ataining with what appeared to be locally infarcted areas on
the frozen sections, we asked for assistence from Dr. Chuck
Leathers, & veterinary pathologist. At his suggestion we
investigated whether the local staining could be attributed
to anfiltrating lymphocytes. In figure & 8 frozen section
of liver taken srom an arimal receiving dichloroacetic acid
shows areas of positive staining for G6PDH. A contiguous
section is shown in figure 7 that is stsined for GE6P {(Benner
et al., 1972) displays no corresponding area of staining.
Exasination of an adjoining saction stained with H&E (figure
8, section contains sore artifact because stain applied to
frozen rather than fixed tissue), it is clear that the cells
which are staining positive are not hepatocytes. Figures 9
and 10 siaply sahow that ceils with sinilar properties are
easily identifiable in the spleen. These splenic cells did
not atain for G6P (data not ahown’). The cells which atain
for GEPDH are clearly leucocytes. In our view these dats
show that caution must be exercised in identifying areas of

stsining as being indicative of altered phenotype in liver
pacenchynsal cells.

In sddition to the G6PDH stain, frozen sections fror
the 15 and 24 month sacrifices have been stained for garxra
glutaryl transferase (GGT; Rutenburg et al., 1968,
canaslicular ATPase (Wachstein and Meisel, 1957) and glucose-
é-phospr.atase (G6FP; Benner et al., 1979) in frozen sections.
To thieg poaint 1in taime no foci have been i1dentified ueaing
these 1tains. This 18 not necesztar,ly contradictory with
recs_ltes wath HLE etaining, since these reéscurermante have
beer. maze on rancor sections, wheress the HLE sections were
dorne exh,aucstively from paraffin-embeddea biocks. Thue, 1t
18 erntirely poersible that these leaione observed with HLE

eta:ning would atain for on& or more of these histocher:.cal
markerse.

Based on our experience at the 135 week asacrifice, we
have sectioned completely through one lobe of the liver from
each arimal and stained every 20th aection with hematoxylain
anc¢ eosin (H & E>). Thais was done 1n part to be certesin that
we were not missing some changes that would not be apparent
in the frozen sectiona. In the dichlorocacetic acid-trested
anissls areaa of densely packed cells that appear to be
mitotically active (Figure 11) were observed in 3 of S
snimsla. 3Such lzaiors have not been observed in control,
tri~hloroacetic acid or phenobarbital-treated animals. This
section alsoc makes clear the cellular hypertrophy thet is
induced by dichloroacetic acid {(1.e. compare to normsl areas
in other H & E sections prnvided). Fagure 12 stainiang for
glycogen in & section contiguous to the aection in faigure 11
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and illustrates the accunulstion of glycogen in
hypertrophied cells. These figures also illustrate that the
focal ares observed in figure 1l ia glycogen poor compared
to the surrounding cella.

A susmary of the resulta of this sectioning is provided
in Table 5. Essentially ws observed that there are & number
of preneoplaatic lesions becoring apparent in dichloroacetic
acid treated animalas. VWhile numbers of animals are too
snall to come to firm concluasions, there i1s 8 reasonably
clear trend in the asppearance of these lesiona, Three of
the five aninals displayed these lesions in the
dichloroacetic acid-treated groups whereas no evidence of
theae lesiona has been observed in control animals or ain
those yroups treated with tricnloroacetic acid or
phenobarbital.
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The ramifications of our results in terms of :u
identi1fying mechanians by which TCE produces hepatotoxic and e
hepastocarcinogenic effects are not altogether clear. The {

abilaity of TCE and i1ts aetabolites to induce SSB in hepatac
DNA may well be related to both hepatotoxic and
hepatocarcinogenic erfects, but thia resains to be
establaished. At present all that can be concluded is that
the activity of thease metabceclaites 1n mice and rata ias
consiatent with the rleative sensitavity of these two
species to the hepatocarc:inogenic effects of TCE., 1In
additaion, the nature of the metabolites that produce thie
effect (particularly dachlorocacetic anc trichloroacetac
acide) raises questaions ae to whether SE5 are darectily
incucec 1n hepatic DNA or wnether a inc.rect mechaniar ais
invcived (e.g. 1nhaibaition of repaar).,

P -

1f ¢the anduction of SSE 18 anvolvez in the
hepatocarcinogenic effects of TCE, the preaent cata indicete
that the effects of TCE may not be medisted through reactive
intermediates such as traichloroethylene oxide or
dichlorocacetyl chloride as has been suggested by other
investigators (Henachler, 1977; Miller and Guengerach, 1983;
Hathway, 1980). 1t 1s more consistent with the hypotheses
put forward by [lcombe (198%5) that traichloroacetic acad may
be raasponsible for these effecta. However, our data 1ia
inconsistent with the notion that SSB induced by TCE or its
metabolites are secondary to the induction of peroxiaose
synetheais. It requires daya to weeks for peroxisome
proliferators to produce & maximel reaponse, wheress our
deta show SSB to occur at four hours. 1n addicion, the
increaased numsbers of SSB appears to lergely dissppesr wathin
24 hours. Work now underway indicates that the paak levels
of SSB actuslly occurr within the firat hour after
adrinaisatration of dichloroacetic acid, at least.
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The results presented here with respect to the
metabolisx of doses of TCE that saturaste metabolic affect
TCE metabolisa 1n a very cozaplex way. 1t ia clear frca
these results that measurements of the concentratione of TCE
or its metabolites at one time point in blood or urine give
a false impression. The modest increase in the
concentration of TCE in blood (1.6 tizes) with a five-fold
increase in dose was somewhat surprizing. The basis of this
observation ra-ains to be established. It is reasonabie to
assume that the damping of peak TCE concentrations is
related to the partitioning of TCE into body fat. This
would be consistent with the greatly extended period for
which TCE remains at high levela in blood at the high doae.
Essentially, fat could served as high capacity reservoir for
TCE that would maintain blood levels over time. MNetabolic
or other excretory possibilities could not account for thas
behavior. The only other plsusible explanestion would be
saturable mechanism for TCE absorption, a concept for which
there 1s essentially no support.

Undoubtedly, the dampened peak concentrations of TCE
and i1ts persiatance in blood at the high doae plays an
amportant role in a similsar dampening of peak concentrations
of its metabolites 3n blood, their persistance in bliood and
prolonaged excretion in urine. There also was an marked
decrease in the overall metabolism of TCE at the high dose
relative to the low dose. However, the decrease in the AUC
for individual metabolites wes not sisply related to the
overall decrease in metabolism. In the cease of
dich.oroacet:ic acid, the AUC wae increased by & factor of
2.5, but the amount excreted was incrcased by a fector of
2.0 when the dose of TCE was increasea five-fold.
c.rcurcslance resulted i1n 8 urinary excretion of
trichloroethanol plus 1te glucuronide of only 1.4 fold, but
the AUl for free trachloroethanol in blood increased by 2.3.
The ros2: interesting metabolite was trichloroacetaic acid
because 1ts overall production ag measured by urainary
excretion actually aincreased by 9.3-fold, almoat twice that
which would have been expected from the five-fold increase

an dose. On the cther hand, its AUC was increased by only
2.3-foid.

The sare

Examiration of the urinary metabolites of TCE provadese
a basis for speculating aboui processes that might be
controlling changes in TCE metabolias at saturating doses,
The convera-on of TCE to trichlorocethancl is inhibited at
high doses to & much greater extent than the other
metadolites. Thias cannot be saimply sttributed to saturataion
of cytochrome P4%0 dependent oxidetions becauase
traichloroacetic acid is derived from the same intermediate
as trichloroethanol (j.e. traichloroacetaldehyde) and ita
production is ectually increased relative to the dose
acrainraterad. Ve suggest that anhkibition of glucuronidation

9




of trichioroethanol occurs, probably as a result of depleted
UDPGA astoseas. The smaller renal clearance of free
trichloroethanol would favor oxidation of
trichloroacetaldehyde to trichloroacetic acid which is acre
readily cleared by the kidney in an unconjugatad fora.

Prior studies of TCE metabolism at high doaes have
often focused on measurements of TCE or its metabolites in
blood or urine at one point in time (Buben and O’Flaherty
1985;: Green and Prout, 1985; Prout et al., 1985; D’Souze et
al., 1985; Rouiasse and Chakraberti, 1986). Such comparisona
would tend to exagerate the iwportance of differences in
metabolism as being important in the toxicological effects
of TCE, particularly if such measurements were confined to
the firat 24 hours after exposure. Consideration of the
AUCs of these metabolites indicates that the exposure 118 not
as different from what would have been predicted by the
increase 1n dose. Finally, it is important to realize theat
the relationahip between the AUC and the toxic and
carcinogenic effects of TCE will depend substantaally on the
mechaniem by which TCE induces these effects. Genotoxaic
effects directly exerted by TCE or one of its metabolites
may be directly proportional to the AUC. A linear
relationship between AUC and toxicity mediated through other
mechanisms would not necessarily be expected if the effect
was reversible.
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The 1nvestigation of the effects of dichloroacetic anc
traichloroacetic acids on liver hastology was undertaken to
obtain a more realistic assessament of whether
trichloroacetic acido could account for hepatotoxic and
hepatocarcinogenic effects postulated by Elcombe (1985,
Invoivement of traichloroacetic ecid 1n these responses 1g
amportant to our hypothesized interacticns with ethano!l.

Our origainal proposal was built around the notion that
alterations in the production of trachloroscetic aciag fror
trichloroethylene with ethanol would provide direct
information as to 1ts anvolvement in the hepatotoxic anc
hepatocarcinogenic effects of TCE. Our data on inductaion of
strand breaka, psrticularly the large diiference in potency
bet.ween traichloroacet:c acid an mice va. rats, suggeste
that the hypothesis 12 reasonable. Our hastological data
(ae preliminary as 1t 18) and metabolic data cast some doubt
ae to whether the efiecta can be attributed apecifically to
trichloroacetic acad. They indicate that we muat more
specifically consider the role of dichlorsacetic acid an
these reaponses. Our metabolic dats indicates that 1f there
18 an effect on trichloroacetic acad farmation by ethanol
(data is still inconclusive as deacrib 4 above), it will
also effects dichloroacetic acid to roughly the same extent.
If this trend 1s confirmed with suther experimentat:ion, we
will have to resort to more specific inhibitors of
trachloroacetic acid formation (e.g. inhibitors os aldehyde
de! ydrogenase) to aisolate i1ts contraibution to the
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hepatotoxic and hepatocarcinogenic es<fects of TCE. The
histological data atrcngly asuggesta that the potency of
dichloroacetic acid as a hepatotoxin and posaibly as a
hepatocarcinogen may be consaiderably greater. than for
trichloroacetic &cicd in the mouse deapite its greater
ability to produce single strand breaks in this species.

Thia reanforcez the need to proceed ayatematically in this
regard.

WORK PLAN FOR YEAR 2 AND BEYOND

It is our intent to continue pursuit of the genersl
aims of our original propwsal. Those were to determine what
role traichloroacetic acid plays in the hepatotoxic and
carcainogenic effects of trichloroethylene and to investigate
the importance of peroxisome proliferation to these
responses. Theae quesations have practical as well as
scientaific implicuations. There 18 considerable amount of
controversy over whether a chemical such as
trichlorocethylene should be regulated as a carcinogen. This
is in part due to the fact that it has not been posaible to
show that it ias carcinogenic in apecies other than aice.
Because of itas limited genotoxic activity there is alsac
considerable guesation aa to the mechanisr by which
trichloroethylene induces cencer even in mice. If aits
effects are mediated through a mechanisr such as peroxisonme
proliferation, 1t 18 clear that no additional risk for
cancer would exist at doses below those i1nducing perox:some

proliferation. If such was the case, then extrapolation of
risks to low doses should not rely on linearized models of
raek, Consequently, pinpoanting the mecf,anisnm that ais

respons.ble can affect estimatione of what are hazarcoue
expoeures by orders of magnitude.

Wrat may have to change in our worr i1e the methoc by

.which we pursue these questions. While 1t 18 premature tc

stete thie for certain, our data sugges: 1) that the use of
ethano. masy not be the appropriste to i1sclate the rois of
trachloroacetic acid in these responses and 2)
dichloroacetic acid may play & more aimportant role in the
responses trichloroethylene than has been previously
apprecaiated. A logical modification in our experimentsal
desigr. to address point #1 would be to use more specafic
anhibitors of aldehyde dehydrogenase. This should decresse
the formation of trichloroacetic acid, but should have
liattle effect on the formation of dichloroacetic acia fron
ita precursor dichloroacetyl chloride. The second question
auat be asddressed by developing comparative dose-reaponase
information on the hepatotoxic and hepetocarcinogenic
effects of dichloroacetic and trichloroacetic acida. As has
been indicated above such studies are underway.

Therefore, over the next year our work will concentrate
on the following research queations:




VS

.

1. Confirm tne non-linear relationships in TCE
metabo! isam by including another, lower dose (e.g. 0.12
g/kg).

2. Extend the metaboliam work to BSC3Fl mice as
described in the original proposasl.

3. Determine whether ethanol apecifically modifies
metaboliam of trichloroethylene to trichloroacetic acid
at less than saturating dosea of both compounds. Work
will include a higher ethanol to trichlorocethylene
ratio than the 1:1 molar ratio uased to date.

4. Determine whether covalent binding of TCE and its
metabolites change when trichloroethylene metabolism to
trachlorocacetic acid is modified with ethanol or
inhibitors of aldehyde dehydrogenase (see #5). These
experiments will be performed using 14C-labelled
trichloroethylene.

5. 1f ethanol proves not to be suitable as a
relatively specific modifier of trichloroethylene
metabolism, we will investigate the use of aldehyde
dehydrogenase inhibitors such as Disulfiram to see
whether the formation of trichloroacetic acicé from
trichloroethylene can be more specifaically modifaied.

6. Ve will continue the ongocing experimente to produce
tumors in B6C3F] mice wiath trichloroacetic acid and
traichloroacetic acid. This wiall asllow their
histochermical stesining properties to be definec arnc
velidated for use as markers of prenecplastic chance.
Trise 18 needed t¢ conduct interaction studies for
periods of time leses than thet required for overt turmor
cevelopment (e.g. monthe rather than yeare). {t thas
Pcant 1n taime glycogen depletion and KHLE gtains are
very promising. Based upon previous work of Herren-
Freund et 8l. (1987) these lock like they will be
relatively low frequency lesionsa, and all may have a
high liklihood of going all the way to hepatocellular
cercinorma. Thas 18 attract:ve fror e predactive peant
of view, but the low frequency precludes the use of
random sectaione of the liver to dermonstrate the lecion
and may make 1t difficult to operate with an
experimental period of less than 9 months. Such a long
period will limit the amount of interaction work that
can actually be done.

7. Aasuming that our metsbolic work provides data
supporting a relatively atraight-forward interaction
study can be conducted with ethanol, we anticipate that
experiment beginning about the first of April. 1I1f it
12 necesssry to go to alternate means of modifyaing




trachloroacetic acid product._.on, these studies would
not be initiated until the first of June to allow
working out of doses of aldehyde dehydrogenase
inhibitors to be based on solid metabolic data.

8. Ve will attempt to clearly dissociate the effects
of trichloroethylene and ita metabolites for inducing
strand breaks from peroxisome proliferation. Our data
indicate that single-strand breaks occur before the
liver is able to increase beta-oxidetion of fatty
acids. A time course for induction of SSB will be
compared to the time course of increased capability for
peroxisonal beta ox.dation early in the aecond year.
The assays are in hand and the positive control
experiments with Clofibrate in B6C3F1 mice have
demonstrated induction of peroxisome synthesis.
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Table 1. Activity of trichloroethylene and ita metabolitea
in inducaing aingle strand breeks in hepatic DNA of mice and '

rats.

Sprague-Davley B6C3F1 ,
Coupound Rats Mice !
EEENESERTTIIEEZIEEEEREITEIISEEIEESTSEEANSIISIANEEEEEEENIEEEIL
Trichloroethylene 30°* we './/
Dichloroacetic acid 0.35 0.6 ?
Trichloroacetaldehyde 2.9 2.7 }
Trichlorocethanol Inactive --
Trachloroacetic acid 1.9 0.1

22 T EEZ 22X EEE RS E SR EE X EEE SR EEESEEEIZESRIEZTERERSSS LTI TESRNESRZLELITTTIS

o Dose in mmolea/kg that was required to increase the
fraction of DNA unwound in 2 hours at 00 C to 0.4.

se Although TCE induced SSB at lover doses in mice than
rats, dosea which would reach the criteria of 0.4 stated
above were lethal in this apecaies.
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Table 2. Average area under curves (AUC) for
trichlorothylene and its metabolites in rat blocd following
adainiatration of ssturating and non-saturating doses of

trichloroethylene.

Dose of Trichloroethylene High Dose
Compound 4.6 maolea’/kg 22.8 mmola’kg Low Doae

B EEE L ESEE RS CEE RN EEEEEESEE R R ESEEESRERESEEEESESEEERERERURSSSERESEREX

Trichloroethylene 2102 + 238° 13317 « 1229 6.3
Dichloroacetic acad 536 ¢+ 148 1036 » 155 1.9
Trichloroacetaldehyde 7.8 + 1.3 18.0 +« 2.3 2.3
Trichloroethanol 105 « 17 316 + 40 3.0
Trichlorocacetic acid 5674 + 1329 13030 -+ 5620 2.3
AR E E T R E R R EEE I R E E E AR EE R EE REE R EEEREREEEE SR EEZREERERERERIZSEESXESESR
. Area under the curve was calculeted using the !inear-

trapezoidal rule. These valuesa are axpressed in terss
of umole-h/L and represent the mean of 6 animals ¢+ SEN,
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Table 3. Urinary excretion of trichloroethanol,
dichloroacetic acid and trichloroacetic scid following
saturating and non-saturating doses of trichloroethylene.

Netabolite Tine 4.6 mmol/kg 22.8 mmol.¥g

A I EEER S EREE R EEEE R R EEEE R EEE TR R R ESESEEEEEEEEREEREERRSSERSXERESR

Trichloroethanol 0-24 h 790 + 410° 736 + 128
24-48 h 26 ¢ 37 338 + 228
48-72 h ND 1.1 + 1.6
Total 810 + 410 1135 « 106
(x of doae) (17.8 + 9.0) (5.0 + 0.%)
Dichloroacetic acid ©0-24 h 18.4 + 10.0 27.8 + 10.7
24-48 h 2.2 + 1.8 33.9 ¢+ 12.6
48-72 h ND 1.3 1.1
Total 20.4 » 9.5 6€3.0 + 19.0
(x of dose) (0.45 + 0.21) (0.27 + 0.08
Trichloroacetic acid 0-24 h 61 + 48 294
24-48 K 12.6 + 11.9 341
48-72 h ND 20
Total 73 ¢ 52 674 221
(x of dose) (1.6 =+ 1.2) (3.0 « 1.0

s Values expressed es mmol/kg body weight of the metabolite
excreted.
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Table 4. Effects of dichloroacetic and trachloroacetac
acids on liver weight of male B6C3F1 mice.

Liver wveaght

Compound g ' %X body weight
ER2IEXSEIRIIERT IS IEEESSESEEECECTIINNLINESEICXAIERETESEREEE
15 wveeks

Control (Diat. H20) 1.06 ¢+ 0,05 3.2 + 0.10
Phenobarbital 0.5 g/L 1.34 « 0.16" 4.2 ¢+ 0.35%"
Dichloroacetic acad 2 g/L 1.80 ¢+ 0.15° 5.6 » 0.33*
Traichloroacetic acid 2 g/L 1.34 ¢+ 0.09* 4.1 + 0.14°*
24 weeks

Control 1.06 « 0.04 2.8 +« 0.17
Phenobarbital 0.5 g/L 1.29 + 0,04° 3.7 + 0.09*
Dichloroscetic acid 2 g/L 1.78 +« 0.07° 5.4 + 0.05°*
Trachloroacetic acid 2 g/L 1.44 + 0.05°* 4.2 + 0.14°

o E RS RIS LA LA L Ay, Rl LAl . B oldl, BES

2 T T EER EEE R T E RN E 2 E X EE S S EEREE R R EERE S EZEERSERSEESERE TSR LEETEZXZTRS
e Statistically different fror corresponding negative
control P ¢ 0.05, n=5,
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Table 5. Appearance of preneoplastic foci in the liver of B5C3F1 mice
exposed to dichloroacetic and trichloroacetic acids for 24 months.

Totalts # Animals
Treatment N foci with foci
Distilled water 5 0 0
Dichloroacetic acid 5 4 3
Trichloroacetic acid 5 0 0

- —— . —— i - - — - - D - —— - - - W Wb WA G M W M R A oW D A e -
- e - e e R e G e G g SN M T e e M G A G T 4 e R - G W e D G e N - S e me A e e S W e M WP W 4N MR e - S M . . e b W M G e A e - - -

Sections were taken every 150 ¢ through the central lobe of the
liver. Focie were identified as areas of increased basophilia and
€lyvcogen derletion. Foci ranged from 300 - 700 ¥ in diameter.
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Figure 6. Section of liver from a BEC3F1 mouse that had received
dichtloroacetic acid its drinking water for 15 weeks showing focal
of stzining for GSPDH.
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Figure 7. Contiguous section to that shown in figure 6 stained for G6F.
No evidence of staining was observed in any region corresponding to
those observed in figure 6.




A e S ) A l—tﬂ'.utL‘.an-‘\l-’\Ml.hsﬂl.nﬂ\Mmu

t e i . e e e e S P A aadindd

U N B BT . AL et T AL

-

F&gureis.f Hematgxylén and eosin staining of section adjacent to thex
ehowrn in figure 6. ote that aress corresponding to GEPDH ini £oat
are rot hepatocytes. stalnlng i03- ;

Figure 9. Section through the spleen of a B6C3F1 mouse stained
GEPDH showing focal areas of staining similar to that seena;ge;hiogive".
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Figure 12. & contiguous section tc the one in figure 11 which has been

staired with periodic acid/Schiff stain for glycogen.
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Induction of DHA-Strand Breaks by Trichloroethvlene irn kat and
Mouse Liver |In \Vivo. Nelson. M.A. and Bull, Kk.J. 11987).
Toxycol. Appl. Fharmacol. ©C, ©0-000. The present stud. examines
whether TCE is capable ot producing single-strand breaks (SSBE) in
the DNA ot rat and mouse liver in vivo and the extent to which
metabolites might be respons.ble tor these eftects. Atter a
single oral dose of TCE., SSE were measured 1n hepatic Dh:2 of male
Sprague-Lawley rats and BEC3F1 mice using the alkaline unwinding
assay. High doses ot TCE increased SSBb in both species. but mice

were more sensitive. Te investigate the contributicr ot the
metabolism ot TCE on this response. rats were sutiected tco
pretreatoents ot ethanol (3.¢ g.kg. F-.c.s. phenobarzital (E¢
mg KE. 1.F.). CE (3.8 mmol/kg or 1.« mmot kg, p.c.. or the

apfropriate vehicle ftor 4 davs priosr tc cnallenge doss: c1 TCE.
Frernobart:ital ano TCE. but not ethanol pretresatments, rezuced the
dose ot TCE required to produce signiticant increases 1ir. SCE. Ir
& thira seryes ot e¥periments mice &nl rats were errosed to
valylThig c2ses o1 trichlorcacetic acid (T(-., dichloroazeti1c scaic .
(SN VN shioral hvorate (CHi, or trichicroethanol TCEL~ . TCh,
LA, ane UH  anduceo DivA-stranog brezhs ir & dose-~depencert manners
im liver tissue trom both species. TCEOn falrled to prczuce DNA-
strand treake. in the rat DCA was much more aCtive in 100Ul Ing
SIE tha: TCA., TLA and CH appear to have at2ut the same a-tivity.
Ivn mice. TCA was &5 ettective at=s DZaA 1n inducing [wvA-strang

Lresks. Eoth TCA and DLCA were much mere potent than (k. TJE and
1te metacrtolites increased SSE at  defes  that prc2uced nco
observat :e hepatotoxic ettects &8 measured by L.rum asfpartate !
aminctrarctesase (AST, and alanine aminotrancterazs CALT)

3
levels. Tnese observaetions 1ndicate trat TCE 1s cerabie ot
incucing S3B in LNA in vive, and thet the ettec car be
OufilcCates Bt muzl lower doses by three cstable metabe.1tes or

TCE. Tre ability ot a2 maior metabolite ¢t TCE, TCA. ¢ 1nduce
Zit 1r. repstic DA an vive asppears tc cci1ncide witr specles
sensitisitv to the hepatocarcinogeric ettects ot TCE.

Tricnhlcecroethyiene (TCE) 1s used extersively as an 1rnaustrial
degreasinyg agent and as & household clearning tluid ¢Waters et al,
1&£77H ., it 1s commonliy tound 1n waste disposal sites and 1s a
treguent contamirant ot beoth surtace and ground waters ‘westrick
et ail.. 1280,

TCE produces an 1ncrease 1n thé 1ncioerce Ot liver reoplasms
Im mice cut not rats (NI, 197¢ and NTF., 19&3). A tumber o1

€xylanaticns have bteen ottered tor the ditterence 1n turcrigenic

resfonses between the two Specles. First, the rate ot TCE
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metabolism 1s much greater i1n the mouse than in the rat. This is
Fairticulariy noticeable at high doses (., 7.6 mmocl kg’ where the
proportion ot TCE excreted wunchanged markedly increases in the
rat but less s¢c 1n the mouse t(Frout and Green., 198&%5,. TCE is
also more ettective in inducing liver peroxisomes in mice
compsrec tc rats (Elcombe. 1985,, a g§property which has been
assoclated with hepatic carcinogenesis tkeddy et al.. 1883).
Tricrlcioacetic acid (TCA, is the metabelite ot TCE that has been

Fostuiates to be responsitie tor peroxiscme induction (Elcombe,

[/l

1588 .,

TCE 18 metabolized b+ the hepéfic mxcrosoma!'mlxeo-ruhttioh
orxidzse s.cstem containing covtochrome F-45¢ to 1ntermediates that
canr b rearfangement leaa to the rormation o! chicral hvdrate
tCH) ¢r oichlorocacetvl chioride (Dekant et 1., 1935: Miller and
auenger1sn, 13331, CH can be reduced tc trichlorcethanc: (TCEOR
1 oOx12:zeg to traichlcroacetic acid  (TCA. Hvdrolvelrs ot

aychicreczcetyi chicride leasds te the tormation ot dichlcroacetac

5210 (Llr. (Hathway, 1987

Tt has beer shown tc covalently tind to DNA when i1ncubated
in the gresence 01 hepatic microsomes or the S% traction in vitre

vvan Luuren andg Baneree, 127¢: baneriee ang Van Duuren, 1%7¢:

cunninghem €t sl.. 13E1: Ilnakenzo et al.., 19&2), However., the
level ¢t TCE-metabollte tainoing te hepatic DHA in  vivoe is very
low (bFerchman and Magee, 12&L: bergman. 1885,. The lack ot a

demonstratle level ot covalenrt interaction ot TCE with DNA in

vive has leo to suggestions that TCE 1s an epigenetic carcinogen
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(Schumann et
investigation

interaction with

this wWas

modity~d

phenobarbi1tal,

might pe produced by metabelites ot
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al., 1980: Stott et al., 19851). The present 3
examines whether TCE 1s <capabtle ot less Jdirect %

DNHA in wvivo such that SS5B are 1nduced. Unce
established we determined whether this eftect was ]
by inducing cytochrome F-4t¢ isozvmes with ﬁ

ethanol, or TCE-pretreatments and the extent 1t

TCE.
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METHODS 2

L]

chemicals ﬁ

- 4

Phenol and TCE were obtained trom Fisher Scientit:c. CH. ﬁ

N

LiA. TCECH. and TCA were purchased trom Sigma chemicals. Furity f
ot agr:nistered chenicals was contirmed by ges~-ligquida

chromatcgrarphy. Diaminobenzoic aci1d (DABA) was obtz:i:ned trom ﬁ

koocak cremical company. e

p

4

f\;‘

Framzle and Exposures o

[y,

Ma.z Sprague-Dawley rats weighing 3uc-490g trrom waesh. St. 3

.
Univ. .50 Anrimal hkesource <Center) and male BBC3F1 mi.uze (trom
Simcnser Labs. Caz.) welghing :1S-3Cg were used. The anitals were

noused n temperature contrclled reooms with 1.-hr. 1:ght.dark
chycie., fooa tFurina Latoratory Rodent (Chow. hRalston-Furina Ce..
v, Louis., MU. and water were provided g libitum.

In the 1.1t set ot erperiments, single Jdoses -t TCE or
irdividezi metaczlites were oasdministered tollowing c¢.ernight
Iacting £.0. 1 a total volume 1C mi ot & 1% aqueoué sz.Jtion ctf

Tweer & kg body weight. Contreol animals received an ezuivalent

“Clume < vehicle. Four hours artter trestment. the anirzis wWere

STPREITCCS LAWY -~ P AL

sac111l1cs3d, 10% liver suspenéxous prepares, and SSE dete:rmineo as
oescii1be> below.

In & second series oO! experiments. rats were sut-ected to
Jally treatments c1 ethanol (& or 3.¢ g-bg. p.0.), phenczarbital
(¢ o1 Ev mg kg, 1.p.2. TCE (¢ o1 3.5 or 11.4 mmcl kg, f.0.), oOF

the appr:rilate vehicle pretrestments tor 4 dayvs praice tce the
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administration ot challenge doses rangaing from 3.8 to
3¢ mmo!l TCk,ikg. Animals were sacririced tour hours atter
administration ot the TCE challenge dose as described below.

Alkaline Unwinding Assay

Tc measure ESE i1n DNA, a moditied version ot the alkaline
urwinding assay of Morris and Shertzer (195%) was wused. This
assay measures the rate ot transition ot double-stranced DNA tc
sivgle-stranoed DNA during slkaiine agenaturatior. DhA-strano
breaks serve as points at which unwinding 1s initiated ‘kKvdrberg,
1278, Trheretcre, the mcre DNiA-ctrand breake present. the more
1ap1d tre trarmsition of double-strandes DA to single-stranded

IMim 11 8. kalilne solution. Llian-strand breaks may be present 1n

s1tu o1 result trom hyorcoitveile ¢t alkaline-iabile sites in the

Dlvhn mziecule .

-
s

. 5

Tre tellcwing stock scluticneg were used 1. the alkaline

A A
'.1‘

Urwlngdlng assay: tis 15%C mM Nall., 1.¢ mM ha:ELTA, gH &0 H1) al

-
£ .

-

mti NHaVh, o.v haCl: 111l tQd mM ham:FOaw 1.¢ M Naect.

Cazri1tice ot animals and prepasration ot liver sanples wac
conductes In subdued lighting (indirect 1ncandescent lighting) to
avecild tre I1ntroducticon of etrand breabe £y UV 1rradiation. The
livere were immediately removeo trom the animals. weigheo., ano
rinsed 1r. 1ce coid sclutaicen |, (oennective tiscue waf remcoved by
using ar ice coto tiscsve freses tHarvaro Apparatus, Millais., MAD
€JUIFPEC With & Stainless steel mesh €1€vée with 1.0 mnm dismete:
holee. one pertion ©1f liver ti1scsue wWas C1luteo with nNine velumes

tw vJ) C: 1Ce cold solution | anc tissue SUSHENSIONE wWerE prepared

~
*a
",
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with a single stroke ot the pestle ot an ice cold, hand held, 30
mi, Fotter-Elvehiem tissue grinder. The samples were then placed
orn ice tor one minute to allow debris to settle. After one
minute, the upper most laver ot the suspencions were withdrawn
and vigcrous!y pipetted 1nto one ml ot 1ce cold sciution I1.
The sampies were allowed to si1t on 1ce tor & hrs. without turther
agi1tatior. The samples were neutralizecd bty rap10 addition ot one
mi pcrrisns or 1ce cold solution 11, Samples were 1mmediately
girnicates tor € secends te shear the partially urnwcund LNNE Inte
small fieces ©1 ococuble-stranded (LT, ano single-stranaed (285 DNg
tAhrstror and Erixson, 13B!: hkydberg. 1272, The reutralized
€ezmples were srlit and one portion wss analvZeo tor totai Dlis
contert avd the second asmhalyzed tor LS Dhah tollowing e¥traction
c¢r 2z Lie- wath phenci. Frotein an3 li1gi1de w€ie TrEmIvec b

€rtiacti”"¢ these Somp €S Wilth ©OnEe mi poartions €1 ¢ricrotorm.

[ive wes &csav.e3 using Setarc anc Mordie.'s 1" . mcaarizaticr ¢t
t.iecezne  and  hobtins® v138&  diamanctenzcic 8710 ticluicmetraic
8c35-. Tre tracticn o1t DA unwcuno sas Cs12Ulater as the .

t1acticy. LA unwound equal to:

tletes L= = D2 Eh2)e - [ _Tota) DHE - Dz L'F)e
iictet Livm) [ Total DNA 1)

whe.e trs subecrift 1ndicate the amcurt ¢1 doubtieé €tiances [Dlin &t
t1me . and "t 1eters to the incubstion tine 1T slbkaline
soclutaor.

Serur Erzome beterminataions

Anirals treated 1n & gparaliet tashion  tc thcse used tc

ceterrire the S:Eb 1n nepatic DHA wWere Sacritized at .« hours
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stter a challenge dose of TCE or its wmetabolites to determine
whether 1ncreases i1n aspartate aminotransterase (AST) ang alanine
aminotransterase (ALT)» enzyme levels provide any i1ndication ot
hepatic 1niury, Bloog was drawn trom the i1ntericr vena cava and
the serur separated by centritugation arz assayed tor serum ALT

and A3 levels wusing diagnostic kits purchased trem Sigma

Chemicai Co. These assavrs gepend ori cpectrcphotometric

detern;r

it

*10n ot the decrease ot NADH that results trom ccufpling
the amir:ztransterase activity teo the reductier ot 1te prcoucts b,

malzte CsnvOrogenase and jactate dehvdrcgemace TeSpectivel..

RESULTS
F:. simptici1ty,, 1ncreases 1n  the rate ot Dha unwinding
Unoe! e.raline conditions  will be reterred tc 3s 1ncreases an
Einci€~£° .80 breaks (S=E. an Die. SZk ha.e teer gemonstrates to

te the mas o1 tacrer involved N incressed rates ot slbkaline
unwl1noi i thkydberg, 12720
1.t 1nouces SSE 1n  rat hepatic Dl an save «Fig., 10, A
si1ncle <S5l dcse ct 3¢ mmol. kg TCE sigriticantly increased SSE H
1elatlve tC cONtrIcis. Decses ot C.& &nc 1.4 mmol-hg TJE were K.
y‘
without €ttect. In & subsequent exfFeriment tFig. PN the H“
"y
intermec-.ate dose ot “e . mmci Kg wef alsc  tound Yl a1nduceE Y
'—» L
g1gnitiZent an LSk, s
e
bre-ctartyte)l pretreatment 18 bnowhl to altéer the retatciism ;
:1' ]
¢t TCE '1ller ang Guengerich., lzcd), T¢ 1n.ecstigate the role W
. R
metatciienr ot ICE maght  play an the inzuctiorn ot SSE rete were ,{
3:
6 h,
.
L] .‘
4
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pretreated with 59

Fhenobartita! pretreatment
froduce saignificant
dezy (Fig. 1).

Etrhanol

fFretreatment

F-45C¢ey :mn the liver thoop

changing the metabolism
Theretcre. we examined the
tS.K § s g X 4 Oave) tc mod

mea=', {5t ¢! alkaline unwin

[0

Szl le: than that otserved
and was r.t statistically s

vericle-tretreated animals.

 the cbservation

G)
ick reg..re0 tc 1ncrease &°C
o Lthis 1eSfFOonse Was dete
ot L. ard 1l.4 mmalobyg
admi eI &0, these goses

animals gretreated with et

gose ot

chaliergs 11.4 mm
ot SZE r DNA (Fag 350, 1t

11.« mmz. kg TCE was ac e
fron the contrel data th
Fretreatrent docse were repgp

%t hi. atter the

last gprets

The atove deta SsSuypges

mg/kg

at the CSZF

phenobarbital ti.p.) tor & days.

lowered the dose ot TCE required to

increases 1n SSE to 11.4 mmol kg on the fitth

is also bknowr to modity the levels ot
et 5l.. 194¢.: hRyan et ai.. 1S&«,,
of &5 ditterert set ©! sutstiates.

ability ot etrnznci pretreatmenrts

ity the induz-::rn cor SZIE. Fr 1nz.eace

.-

gint was okbser.s3 (Fag. .. ECt it was

tcllowing fhrenctarbitai fpre-restment
lgniticaent trcr tne rale ckbserved tron

that prtienobart.tz1l lowered the docse ©

—

E. the 1ntiuercs ot Fricr oisce ot TCE
Imineo. As FIEevIOUSIHY MeErtICred doses
1. E wel € wltlhout €112t when
were used 1t:; the fpretiestrzht, o

her >.& mmal v or 11.4 mrz1 vy TOE. &

ol. kg ot TCE aisc 1ncresseo tre numter
one sssumes trat the tcurtt dose c¢f
ttective s the ti1tth, 1' wau.ld afpfear
Froduced t. tre tourth

a11ed by the time €1 measutenrs~t (}),€.

estment dose),
ted thaet é@

retabolyite, Frecuced st
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higher rates in phenobarbital and-or TCE-pretreated animals, may
be r1esponsible tor the SSE observed. Consequently. the ability
ot statie metabolites ot TCE to cause SSE in hepatic DNA was
evaluated. The dose r1equired tc 1ncrease the traction ot DNA
unwound 11 o hr to V.4 was used to compare the potency ot the
metaboclites tested. Iln male Sprague-lawley rats., DC¢ appeared to
te the most potent ot the tcour metabolites tested. A dose ¢t
¢C.3% mez. kg DCA, 1.9 mmel kg TCA, or .9 mmol/kg ChH fproduce as

e as 3C mmci.kg TCE. TCEUOH di1d nct 1increzse the

a
C
[£]
T
—
-
1
Q
3

oMa

LA

¢ at an, dose tested (Fig. 4.

U

numcer < S

Trhe time course o1 alkalilne unwindinyg ot hepatic DA trom
rats tre~teag with 3.8 mmol "khg LUA ano contret amimals 1s shown In
ti1gure £. LA si1gnitacantly ancressed the rate a° which docutie-

styasandec DA dissociated into single-stranded Dles. ¢ samilar

(g
Vi
n

Fetlery. 11 1€E£LONSE was cbservead bty Morrie ang Sre:tzer 1

with NL-r.troscdimethylamine.

—
IS
(3]

Ere1rmine whether Lérstic 1nijury CcCcoulres with the dosec
useT I *he Jari1cus ESE erperimernts serum ALT ano AZY 1e.els were
mcrytirecs. TCE increasec the serum ALT and AZ1 leveis crtv atte:
phenctartital pretrestment and at the high dose ¢ Se mmal kg
" Tetle 1 . Nei1ther ethanci or TCE pretreatment resutted 1N &ar,
Increscss 1n these serum encvmes tollowing the chailenge noces of
Tuk eacrinistered (Tasble L,  CH., DIA, ang TCA ailsc tarled tc
irnzrease serum ALT and AST levels t1ollowing acute aominlistration

‘latte = .

o

T
-
Ce
post
—

Ir mice., TCE produced Iincreasea rates ot Dl

1¢
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unwinding following the administration ot 8 dose ot €£.& mmol/kg
TCE ano above (Fi1g. 6€). Theretore, mice are substantially more
sensitive to the induction ot ©S5SB 1n hepatic DNA than rats.
Doses above <i.9 mmol kg TCE were letha! to mice.

The responses ot mice to oral deses ot the mevatzlites ot
TCE disgisved a citterent order ot poterncy than I1n rats, The
gocses 1e€equlrea tc increase the fraction ot DA unwoung tc .4 was
.l monzy kg ter TOA. G.€& mmolskg tor DLA, srio 2.7 mmct sg tor CH

tFag.

I

. it 18 clear Trom these data that trere 15 a

sutstantial ditterence 1 specles responcivenese tc Tls-1nduced

SSE 1n repatic Dlha.
DISCUSSION
Trie present study demonstrates thet TIE 18 <zczratie cof
imduling =B oin hepatic  DlFA o1t toth mice 503 rzts 1 s1.c. i
thys it .estifat1on, mice sppes:r to be mcre csencsi1t..e to the
ertezte 1 TR tharn rats. Walles (lwoc) alec demomnstrzties that

theére wi

a linear Increascse 1n the level ct, SfF 1r mo.ise liver

DiiA teC.

SWIDg 1.F. aaministration or TCE. He &alsc repc:-tes that
the strero treaks sre repalreo withirn L4 hours, ceonsieent with
cbservations mage 1n the rat in the present stuoy.

The ncreasea number ot SSB  fproduced by  TJE tcliowing
Fhenctz:tcital fpretrestment suggrsts that metabkcliic activation as
necessa: . tor DINA damage tc occur. Severat studies have reforted

that cIvalent tinding to exogenous DA  takxes Flacze in the

presence o1 liver microsomes (Cunningham et &i.. 13&1;:

11




Dikenzo et

al., 188C; Bergman, 1563). The lack ot decostrable

binding i1n vivo suggests that the DNA-binding observes in these

in vaitro studies are not directly related to the induction of SSB

reportec .

n the present study. It is presumed that sucr. binding

would 1nvolve the epoxide or acid chloride i1ntermediates 1n TCE

metabolism, whereas the present data 1nsicates that the more

stable metsabolites can fproduce the errect at low oczses. The

mechanisw

by whicn ESSE  are 1nduced b, these agents requires

turther study.

Ur:a bk

slightls 2

-

chancge

Imettecav

cagabirlirw

then phe

a unligqus

LY

tho et

1
O
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om

€ pretreatments with phenobartitz] cr TCE. etrzrnol onls

ncreassed the ability ot TCE tc cause ESB 1i1n DKa a

rat watg ncot statlistically signitizant. The reiat1ve

eness &t ethancl 1n thie regard wav Le related to its

161 inducing ditterent iscz.ree ot cvtochrzme F-4fB¢

1]

rbi1tai. Ethano!l adgministraticr 1g knownl: Tt 1nduce
F-4S0 1sczvme with sSpecitic Cate. 11¢ prepert.ss

er.3 bhoop et &... 1322,

“we
o
I§

.. 158 Ryvan et al.. 1

Mytler ava Guengerich 13653 have shown Yrzt cytochrome £~atd, ..,

1% UNuUSoe 1

1eculte €

y ertricient 1n converting TUE tec chioral. Tr: Fresent

uggest that TCE 1nduces a w:0€erx varisety <1 F-uby¢

isczvmes than ethancl and that & pathwsy irduceo by pherztarbitel

Fretreatment 1s  amportant in metabolizing TTE to mevabciites

Capable ot

1he

producing DHNA-strand breaks.

most interesting aspect or thas stud- was the

substantial ditterenc=s Iin sensitivity o©! mice and rate to TCA.

Whirle there was & tendency tuor mice to be more sensi1t:.= to all




the metabolites that tested positive, TCA was almost 2¢-told more
potent 1n mice than in rats. These results also parallel the
sensitivity ot these species to the induction ot hepatic
peroxisomes by TCA (Elcombe 1965: DeaAngelo et al., 1866).
erlxmlnaxy data indicate that the 1nduction ot SSB occurs long
betore there 18 any evidence ot peEroxisome prcliteration
indicating increased beta-oxidation of lipi1ds by peroxisomes
could nct account tor the SSB  observed 1n the fpresernt study,
£lthouct these responses parallel one another. tnere mav be &
less obtvious linkage between the twe responses.

Irn summary, we& have demcnstrateo that TCE is capable o1
inducing  S35E in  hepatic DNA ot mice and rate in vive.

Fretreatment with phenctartital or lcw deses ot TCE., but not with

ethsnol. decressec the dose ¢t TCE required to induze ESE. This
svggsete the invelvement o 3 metabolitets. which 18  gprcouced b
& pethwa. that 1S 1ngucsitle by phenobarbitai or TCE. The etrect
courd te guyilcates ar much lower doeges Usi g the s1abie
metabolites ot  TCE: UDLA, TCA. «and CH. suggestane that ore o1

mZ1e o these COMEOUNDS are responsaitle. The vallaticn 1n the

retative potency ot TCA 1n mice and rate parallels the speciecs

speciticity  or tne hepatocarcinogenic etfects ¢t TCE. The

1nguctaicrn ot *_F appears to be independent ¢! the hepatotoxicity

ot these chemicais. SI1NnCe 1ncreased GCaMage OCSUITEC In the

absence ¢1 signiticant elevations 1n serum AST and ALT levels.
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TABLE 1

EFFECTS OF TCE ON ASFARTATE AMINOTKRANSFERASE (AST) AND
ALANINE AMINUTKANSFERASE (ALT) ACTIVITIES IN SERUM
FOLLOWING FRETREATMENT WITH PHENOBAKEITAL OK TCE®*

Fietresatment.Challenge N AST- ALT*

Saline Tween £ 66 ¢+ 10 31 ¢ 135
Fhenobart Tweer £ €y + & ¢ 4+ L
Tween Tween 4 4t v € A
Frencksre TIE 11,2 mmci. kg < €. + & <t 4
v .8 ommol, kg u &1 o+ Ve E R AL
Taline ICE 11.4 mmol. kg £ TE o1 19 la + o4
o¢v. 5 mmoi. kg = E¢ ¢+ 7 1e +» L
TCE ICE 11.4 mrol kg £ S + ¢ la + 2

* Values are expresscsed as barmer units.ml ¢ SENM
* values are exrressed as Lalue units ml s SEM
C F L Uovt by ANOCA and Duncan's muitiple rance tes:

Y oeTame:i:  were pretrezted witr ll.4 mmol kg TCE tor 4 gaws prior
te & ghailenge oose o1, TCE
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TABLE &

EFFECTS OF TCE ON ASFARTATE AMINUTKANSFZRASE (AST) AND ALANINE
AMINOTKRANSFERASE (ALT) ACTIVITIES IN SERUM FOLLOWING FRETREATMENT
¥iTH ETHANOL

Fretreatment -Challenge N ASTe ALT®
water Tween =) €L ¢ Ee 17 & [
Etiun Tween 3 “ v 13 14 + )
EtOH TCE 1l.4 mmol kg 5 4z 3 ¢ 1€+
Zi.7 mmol kg £ 4t > 1€ ¢+ &
water: TCE 11.4 mmcl kg £ €0 + & ~1 3
el mMmMG) . Kg £ a4 v 3 19 + 1

* values expressed as descrited 1n Tabtie 1.
* values exprecced as oescrited 1n Tatbtle 1.

* Hc si1graticent oi1tftterences 1ound by ANDUVA and Dunzarn's multaple
Tange test,
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TABLE 3

EFFECTS OF DChA, TCA, TCEOH, AND CH ON ASPARTATE
VASTs ANLD ALANINE AMINOTRANSFERASE (ALT, ACTI

AMINOTRANEFERASE
VITIES IN SERUM

Challenge N ASTe ALT®

Tween £ 33 & &« ¢ 2 &
Dok vo. & mmol kg 4 33 * 3 E + 1
TCA (&.1 mmol kg 4 43 =+ 1t 12 2 4
TCEUH 2.3 mmcol. kg 4 38 + 4 T
CH ‘3.4 mrol. kg 4 3 @ €+ 1

* Values expresced as harmen urits.ml + SEM
* values exfrescec ac Laliue units.m] + SEM

* N2 e1griticent ditterences tound by ANIVA ang
range test.

Lunzer.s multipie




Fig. 1. The induction of B6SB in rat hepaticl DNA by TCE and
wodification of this response by phenobarbital pretreatment.
Values given are the means from at least five animals + SEM.

* Value statisically different. P < 0.05 by ANOVA and Duncan’s
multiple range test.
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Fig. 2. The induction of SSB in rat hepatic DNA by TCE

effect of ethanol pretreatments on this reponse. Value:ngitzz
are means from at least five animals + SEM. No significant
differences were found by ANOVA and Duncan’s multiple range test.

-
N
N ® No Pretreatment
B o5l © Ethanol
c
o |
S
C 0.4 =
- |
>

03F
(@)
c
o
O o2}
o
|
(T

0.1 1 1 § 4 - |

o 10 20 30 40

Challenge Dose TCE (mmol/Kg)




Fig. 8. The induction of SSB in rat he i »

. ) patic DNA b
alteration of this response by TCE pretreatments. Valzechi::d
are the means from at lesst five animals + SEM. ;

* Values are statisically different. P < 0.05 by ANOVA and
Duncan’s multiple range test.
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Fig. 4. The induction of DNA-strand breaks after exposure to
DCA, TCA, CH, TCEOH, and TCE in rat hepatic DNA. Each point
represents the mean from at least five animals + SEM. The
control value ( ) included 34 animals.
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Fig. 5. The effect of DCA on the time course of alkaline

unvwinding of rat liver DNA. Val i
least four enimaly 4 SEM. alues given are the means from at

* Value statisically different. P
multiple range test. £ 0.05 by ANOVA and Duncan’s
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Fig. 6. The induction of 5SB after exposure to DCA, TCA, CH,
TCEOH, and TCE in mouse hepatic DNA. Zach point represents the
pean of at least five snimals 4+ SEM. The control value ( )
included 35 animals.
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